pigenetic regulation of gene expression has emerged as an essential regulator of cell differentiation during embryogenesis and organ formation. Advances in stem cell technology have let to astonishing improvements in the generation of human cell surrogates with potential for therapeutic treatment. Despite impressive results regarding gene expression and functional capacities, concerns remain as to whether the current differentiation conditions truly and fully recapitulate the embryonic conditions and by extension, whether the final stem cell-derived end product is the full equivalent of the endogenous counterparts. Xu, Zaret and colleagues address some of these questions in the current issue of The EMBO Journal by isolating and analyzing small numbers of endodermal and pancreas progenitors at sequential stages of differentiation toward hormone-producing b-cells (Xu et al, 2014) . Global epigenetic analysis for the repressive Histone H3 K27 trimethylation mark (H3K27me3) revealed an unexpected global increase of repressive peaks during advanced stages of pancreas development in vivo (Fig 1) , with a concomitant loss of such marks at regulatory units of key progenitor transcription factors. Based on these findings and previous work from their laboratory (Xu, 2011) , the authors demonstrate that precocious removal of H3K27me3 marks via reduction of EZH2 results in an increase in endocrine progenitor cells and consequently in more insulin-producing b-cells in vivo (Fig 1) .
Taken together, these findings question our current understanding of repressive epigenetic marks during human pancreas development and highlight important aspects of current approaches to generate functional human b-cells that need to be reevaluated in light of the presented data. Our current knowledge of epigenetic changes during human pancreas development is based mainly on data derived from differentiation protocols of human embryonic stem cells (hESC) capable of giving rise to pancreas progenitors that differentiated into functional insulin-producing cells upon transplantation into surrogate animals (Schulz, 2012; Xie, 2013) . While Xu et al show a progressive genome-wide increase in H3K27me3 marks during mouse pancreas development, direct differentiation of hESC into pancreatic cells under cell culture conditions exhibits little changes in the level of repressive marks from the gut tube to the pancreatic endoderm stage. This discrepancy between embryonic and hESC-derived cells raises the question of whether our inability to produce functional b-cells under cell culture conditions is due to aberrant epigenetic modifications. However, transplanted hESC-derived pancreas progenitors that are allowed to undergo maturation for months to form functional b-cells appear to possess even lower levels of repressive marks than immature b-like cells in vitro (Xie, 2013), possibly implying that reductions in repressive marks become cemented during later stages of differentiation, even upon transplantation. What might be responsible for the differential epigenetic regulation in embryonic cells compared to stem cellderived counterparts? Xu and colleagues suggest that morphogenetic movements essential for the formation of endocrine cells that delaminate from an epithelial sheet during islet formation do not occur during in vitro differentiation of stem cells. In addition to the cell intrinsic properties that allow for cellular movement, the absence of nonendodermal supporting tissues in hESC cultures might also affect the epigenetic regulation of cell differentiation. Evidence for positive effects of mesenchymal factors during embryonic and hESC to pancreas development support this hypothesis (Landsman, 2011; Sneddon et al, 2012; Guo et al, 2013) . Another interesting aspect of the study by Xu and co-authors pertains to the finding that repression of EZH2 levels appears to be beneficial in increasing the formation of endocrine progenitors during stem cell differentiation.
Intriguing data are presented that suggest that reducing, but not abolishing, levels of EZH2 would be beneficial to generate more b-cells. Additional experiments in other systems will be required to confirm this observation, in particular with regard to the potentially exciting discovery that lower levels of EZH2 might function in an INK4A/ARF independent manner. In summary, Xu et al point out critical differences in repressive epigenetic dynamics between mouse and human pancreas development. The exact mechanisms for this discrepancy, however, remain unresolved. Simple species differences between transgenic mice and human stem cell-derived pancreas cells cannot be excluded, including the fact that human endocrine and b-cells differentiate with a much longer time frame than their rodent counterparts. The exciting observation suggesting modulation of the levels of the methyltransferase EZH2 as a means to increase endocrine progenitor numbers that result in b-cells with potentially improved function emphasizes the need for a more comprehensive understanding of the epigenetic changes associated with cell differentiation. It appears that obtaining such detailed knowledge will be instrumental in succeeding to generate functional cell types in vitro, including insulin-producing b-cells.
